The aim of this intervention was to include and evaluate the effect of teamwork on student learning outcomes in an information systems development subject. This was achieved by encouraging student peer learning through a small group team based approach that emphasized teamwork throughout the whole semester. Student evaluations confirmed that teamwork improved student learning outcomes.
Introduction
This paper reports on an ongoing action research project that uses current educational theory and practice to improve the teaching and learning outcomes in an information systems development subject. This subject is taken by students in the second year of a three year Bachelor of Information Technology. The subject is taught in a small group teaching mode using experiential learning activities in an environment designed to encourage a deep approach to learning.
Students' approaches to learning can be broadly categorized as either surface or deep (Ramsden, 1992) . Deep learning approaches focus on seeking the meaning of the subject content as a cohesive whole in contrast to surface learning approaches which focus on acquiring the knowledge associated with isolated facts. A consistent finding of many studies is that only deep approaches are likely to lead to conceptually significant learning (Prosser &Trigwell, 1999) .
The teaching method in this subject incorporates the following features to encourage students to take a deep approach to their learning:
• setting explicit and clear goals for student learning on a weekly basis, • assessment tasks that require a deep approach to learning, • activities that teach students how to learn, • experiential learning activities,
• exposure to variation through making other students' ideas available.
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The full details of this approach are reported in Cope and Staehr (2005) .
The intervention described in this paper built on the existing approach described above. The overall aim was to extend the learning experience to include the following aspects described by Moore, O'Rourke & Powell (2007, p. 1) , where students "develop professional and personal skills as well as attributes ranging from teamwork and leadership skills to problem solving and information literacy. They can also develop attitudes such as acceptance of responsibility for their own learning and actions." Specifically, it was hoped that the implementation of teamwork in the subject would • Develop skills valued in the work place (e.g. problem solving, planning, managing projects and meetings, communication skills, leadership skills, time management, information literacy, presentation and organizational skills) • Establish student learning communities (i.e. peer learning)
• Increase student engagement in the subject. These are all part of a set of skills that assist students to become lifelong learners. The aim was to move students from dependence (on the lecturer) towards independence and interdependence in learning (Boud, 2001 ). An important component of the intervention was its evaluation which is discussed in the Method section of the paper.
The educational benefits of teamwork, peer learning, and student engagement are well documented in the education literature (e.g. Boud, Cohen, & Sampson, 2001a; Harper & Quaye, 2009; Wells, 2002) ). In the workplace few IT professionals work in isolation but are more likely to work in a project team environment. The ACM/IEEE model curricula for computer science and information technology (Cassel et al., 2008; Lunt et al., 2008) , and the draft ACM/IS model curricula for information systems (Topi et al., 2009) , all acknowledge teamwork skills as an important graduate attribute. There is also evidence that not only IT employers but employers in general value teamwork skills (Employability skills, 2002; Fernandez-Sanz, 2009; Hager & Holland, 2006) . Therefore, the inclusion of a teamwork component in an information systems development subject is well justified.
Most previously reported research on teamwork in computer science and information systems subjects (e.g. Bieliková & Návrat, 2005; Wells, 2002) involves students developing a software product in teams in a capstone subject that attempts to simulate the team environment in the IT industry. In contrast this intervention involved a traditional content-oriented subject that included a syllabus of individual information systems development topics. This paper responds to the call from Martin (2007) who denounces a "one shot" approach to teamwork. She suggests that teamwork should be incorporated in all subjects across the curriculum to adequately prepare students for IT professional roles.
Method
This section of the paper has three parts. It outlines the intervention, followed by the quantitative and the qualitative evaluation methods.
The Intervention
Although a small group teaching approach was in place before the intervention, students were not required to work in the same group throughout the semester, nor were they required to complete a team assignment. These were two of the changes that were implemented. In addition there was a move towards enquiry based learning for some tasks. A summary of the main changes are shown in Table 1 . These changes are explained in detail below. Students were assigned to a team at the start of the semester and remained in this team for the whole semester. Students were allocated to teams in the following ways. Academic ability was taken into account and the students were allocated so that teams were similar in this respect e.g. at least one high achieving student, based on university entrance scores. In this cohort there were several international students and only a few female students. International students were dispersed throughout the teams and female students were allocated to teams so that there was a minimum of two female students in a team. There were six teams with between four and six students in each team i.e. 28 students. Consistency of numbers in teams was difficult to arrange at the start of the semester with students withdrawing from the subject, students enrolled but not appearing, or new students arriving.
The initial team exercises were the preparation of a team charter and investigation of a topic by the team to be presented to the rest of the class. The team charter involved the development of an escutcheon for the team (to introduce some fun), a record of team contact details, agreed meeting times, team rules and expectations, and a code of ethics. The team charter was an assessable piece of work. Teams were given team meeting templates to indicate how meetings should be organized and documented. However the use of this template was not checked or assessed. The topic for the team presentation was IT project success and failure since IT project management was an important part of the subject content. The presentation was not assessed. Its purpose was to get students working together early as a team, using the library sources, and to provide feedback on presentations so they would have an opportunity to improve for another presentation that would be assessed later in the semester.
For all weekly experiential learning activities throughout the semester the students worked in their allocated teams. It was hoped that they would form learning communities and that peer learning would occur. In addition, three of the four parts of one assignment in the subject required teamwork. These were the preparation and documentation of the team charter (described above), then later in the semester, a team presentation to the rest of the class on quality assurance in software development, and a project management plan (related to a case study used throughout the semester). Overall team assignments accounted for 20% of the assessment in the subject. This weighting for team assignments is the minimum recommended for students to perceive an assessment as valuable (Boud, Cohen, & Sampson, 2001b) .
Quantitative Evaluation
The sample of students in this study was not a random sample but a convenience sample. They were students enrolled in the second year subject Information Systems Development in a three year Bachelor of Information Technology degree program in the Department of Computer Science and Computer Engineering at La Trobe University. In the last week of the semester a questionnaire was administered by a person other than the subject lecturer. The questionnaire responses were anonymous. Twenty one students completed the questionnaire. They varied in age from nineteen to forty one years (mean 22.8 years, median 20.5 years). Five of the 21 students were female.
The questionnaire was adapted from the draft Student Enquiry Based Learning (EBL) Survey (Moore, 2006) . The quantitative part of the adapted questionnaire consisted of 37, five point, Likert scale questions. The main way the questionnaire was adapted was to change the focus of the questionnaire from evaluating a single activity to evaluating the whole subject. It should be noted that this is not a validated questionnaire.
Qualitative Evaluation
There were three different ways of assessing the intervention qualitatively. The first consisted of student answers to the open ended questions from the draft Student EBL Survey (Moore 2006) . This survey was considered suitable since although not involving true enquiry based learning the subject contained many of the elements of enquiry based learning e.g. teamwork, peer learning in classroom sessions and assignment work. The second involved the lecturer writing a reflective diary throughout the semester. At the end of each week during the semester the lecturer recorded observations about student reactions to the work that week and any ideas for improvements for next year. And third, each student completed a self and peer assessment as part of the team assignment. (Note that marks were allocated to this part of the assignment to encourage thoughtful responses).
Results and Discussion
The results of the evaluations are reported and discussed in two sections below. The first section reports on the quantitative results and the second part reports on the qualitative results.
Quantitative
It was possible to group some of the Likert scale questions into five composite measures organized by the question content. The following composites were identified:
• presenting findings i.e. a perceived improvement in ability to make oral presentations and present findings well, • independent learning i.e. a perceived improvement in ability to take responsibility for learning, • teamwork i.e. a perceived improvement in teamwork skills, including leadership skills, developing shared goals, solving any issues, contributing to team goals, • information literacy i.e. a perceived ability to better find and evaluate information, • deep learning i.e. a perception that the subject was not simply about memorizing facts.
Estimates of internal consistency (alpha coefficients) for each composite were calculated and are shown in Table 2 . A Cronbach alpha of 0.7 is thought to demonstrate good construct reliability (De Vries, 1990) although some authors report values as low as 0.5 to be satisfactory (Laukkanean, Halonen,& Viinamaki, 1999) . The estimates for four of the composites indicate good construct reliability and although the estimate for 'deep learning' is not as high as we would like, it is still acceptable. The composites were analyzed according to gender. The means and standard errors of the composites for males and females are shown in Table 3 . A multivariate test (Wilks' Lambda) was used to simultaneously test male versus female contrasts for the five composites. This test revealed no statistically significant differences (p = 0.209) between males and females for any of the mean composite scores. Although univariate t-tests did reveal a significant difference (p = 0.024) between males and females on the information literacy mean score, it would be imprudent to claim that this was statistically significant given the result of the multivariate test above. Therefore, although the perceived ability to find and evaluate information appears to be higher for females than for males when considered alone, the multivariate result must take precedence and we conclude that there was no statistically significant gender effect on any of the composite scores.
Figures 1 and 2 show scatter plots of 'presenting findings' against 'teamwork' and 'independent learning against 'teamwork'. When the student perceived that they had an improved ability to present findings they also scored teamwork highly. A group presentation was one of the assessable team tasks. Therefore, as we would expect, students' perceptions about working in a team to prepare a group presentation is positively related to the perceived teamwork skills developed in this study. At first glance, a high score on improved capacity for 'independent learning' and a high score for teamwork seems incongruous. However, since teams allocate tasks to individuals at least when work is initially started, students may work independently before submitting work to the team for review and revision. Having their work valued by the team may foster a greater capacity for independent learning. However, it should be noted that there is a tendency in self reporting questionnaires for participants who score one question highly to score others highly.
Since the questions that made up each of the composites were interspersed throughout the questionnaire this effect was probably small in this study. In order to explore the relationships between the composites further, correlation coefficients were calculated and are shown in Table 4 . All of the composites except 'deep learning' were positively correlated with 'teamwork'. It is not surprising that 'independent learning', 'presenting findings' and 'information literacy' are all highly correlated with 'teamwork' since the team exercises and assignments provided the opportunity for students to improve in all of these areas. The 'deep learning' composite appears to be unrelated to the other four composites. All of the assessment tasks in the subject, both individual and team, are designed to encourage students to individually take a deep approach to their learning. It therefore seems reasonable that it was not found to be correlated to the other composites which required a team approach. 
Qualitative
Results from analysis of the open ended questions from the adapted draft Student EBL Survey (Moore, 2006) are shown in Table 5 . The table contains actual student quotes from the questionnaires. Where there were similar quotes from other students there is a number in brackets following the quote. This number indicates how many students made similar comments. A summary of the quotes for each statement is given below:
Statement1: A number of students reported that it was helpful working in a team. The comment about the group sharing understandings can be interpreted as an indicator of peer learning.
Statement2:
The students reported group work, independent learning, presentation skills, communication skills and planning skills as the most useful things/skills learnt. How hard it is to work in a group is mentioned by one student indicating that there were issues in at least one group.
Statement 3:
The reported influences that changed the way students learned were primarily teamwork and independent learning.
Statement 4: Students perceived that learning was made more effective in a variety of ways. These were through teamwork, independent learning, self imposed peer pressure and assessments that encouraged students to work consistently throughout the semester.
Statement 5: Students mainly found teamwork and adapting to independent learning the most difficult aspects of the subject. 1. The thing I found most helpful was… "Being able to get help from group members" (3) "Working in a group to share understandings" "Working in a team" (9) "Being in a GOOD team" "Doing things as a member and combined them later as a team" "The textbook" "The workshops" 2. The most useful thing/skill I learned was… "Working in a group" (5) "Communication" "How hard it is to work in a group situation" "Planning" "How to give presentation in professional way" (2) "Group working, self learning and planning for studying" "How to teach myself how to do the tasks required for the subject" 3. The thing that was different about this subject and most changed the way I learned was… "Working in a group" (4) "How everything we learnt was more self taught than lectured from the teacher" (6) "Planning" "Working in a group but do your own part of the work" "That I had to read about the [weekly topic] before I go to the workshop" " The teacher was deliberately vague, making us do more research than I normally would have" 4. What made learning most effective for me was… "Working as a group" (5) "Learning from my group" "Learning individually" "Tutorial marking sessions" (2) "Reading before the lecturer speaks about the subject" "Constant assessments throughout the semester" "My progress could affect others" 5. The thing I found most difficult was… "Working in a group of people who have different goals" "Working in a group" (3) "Group assignments" "Making notes on all readings before workshops as well as assignments" "To adapt to the way of independent study" (9)
The qualitative results indicate that the students felt that they gained some of the work place skills that the intervention was designed to develop. Students not only reported teamwork helpful but also found it an effective way of learning. For some students it was the most important skill learned. However it was obvious in the student responses that not all teams worked equally well and that some students found working in a team difficult. This is not surprising and has been reported elsewhere (e.g. Livingstone & Lynch, 2000) . Planning, presentation and communication skills were also mentioned as learning outcomes.
A number of student comments indicated that peer learning occurred as a result of the teamwork required in the subject. Comments such as "learning from the group", "sharing understandings" and "help from group members" provide evidence of student negotiation and construction of meaning with others (Coates, 2006, p.145) . Rather than passively "receiving" information as might be the case in a lecture format students are interacting with the material and with other students. However, unfortunately it is not possible to estimate how widespread and how effective this peer learning was in the subject.
During the semester the lecturer kept a reflective diary. The most interesting observation was the increase in student engagement in group work observed over the whole semester. For one workshop in week 8 of the semester several student teams continued working beyond the allocated class time. This had never been observed in the previous ten years of group work in this subject. This increase in student engagement was a very pleasing outcome of the intervention. According to Coates (2006 p.145) this type of engagement indicates that students are having successful conversations about their learning and are developing knowledge.
The confidential peer and self assessment part of one of the assignments gave some interesting insights into how the teams functioned. Some students were more truthful about the contributions of their peers and themselves, than others. The small class size made it relatively easy to assess the accuracy of the self and peer assessments. Two of the teams functioned well but the other four teams had difficulties with at least one member who did not participate or contribute enough to the group effort.
Since this study was conducted at one university in a class with small student numbers it has limited external validity. However this cohort is similar to past cohorts and so some extrapolation to future cohorts is justified. It also must be remembered too that the questionnaire involved self reporting which can lead to respondent bias if students do not give considered answers or adopt a "yea or nay saying" approach. There was no evidence of the latter problem and the qualitative responses indicate a thoughtful approach by students. Also the five composite measures showed good internal consistency according to their Cronbach alpha estimates and there was an expected positive correlation between the four composites 'presenting findings', 'independent learning', information literacy' and 'teamwork'.
This study was a pilot and will be improved in the future through an action research cycle. For example, it is thought that in the next cycle students might benefit from more "fun" team exercises and some formal work on how teams function early in the semester. It would also be useful to conduct a much larger study to validate the composites developed from the quantitative part of the questionnaire (Moore, 2006) . This would provide a validated questionnaire that could be used in similar future studies.
Conclusion
Five composites measures were identified by grouping the question content from the draft Student Enquiry Based Learning (EBL) Survey (Moore, 2006) . They were 'Presenting findings', 'Independent learning, 'Teamwork', 'Information literacy' and 'Deep learning'. They were then tested for internal consistency using Cronbach alpha. Except for the 'Deep learning' composite, the alpha values were all above the recommended minimum, indicating that our choice of composites was reasonable. Although it would have been better to have used confirmatory factor analysis to validate the composite measures, this was not practical due to the rather small sample size (n = 21). In future work with a larger sample size, we expect the composites to be validated using more powerful techniques such as confirmatory factor analysis.
Despite some teams having problems, the quantitative and qualitative results together indicate that the intervention had a positive influence on student learning outcomes. Therefore it is considered that intervention was useful and improved the learning environment. Qualitative and quantitative results indicated that students perceived improvements in planning, communication skills, teamwork skills, independent learning, and peer learning. In addition increased student engagement in the subject was observed. These positive results provide an impetus to continue with the intervention in this subject in the future.
